Isopullulanase (IPU) from Aspergillus niger ATCC 9642 is a cell-bound glycoprotein that hydro lyzes pullulan into isopanose. The sugar content of the recombinant enzyme expressed in Aspergil lus oryzae M-2-3 decreased from 33.8 to 2.1% by 13 h-treatment with endoglycosidase H (Endo H) , and deglycosylated rec-IPU had 65% of the original activity. 3 Deg-IPU (prepared by 3 h-treatment of Endo H; 6.8% sugar) showed the same substrate specificities, optimum pH and optimum tem perature as native IPU and rec-IPU, while its kinetic parameters, ko and ko/Km values for pullulan, and Km, ko and ko/Km values for panose decreased with deglycosylation , except Km for pullulan. The oligosaccharide chains of rec-IPU were typed using lectin-peroxidase reagents and classified as hybrid-and/or high-mannose types.
small amount of IPU,6) the ipuA gene encoding IPU was cloned and expressed in Aspergillus oryzae M-2-3.7) The productivity was increased as a result, and the molecular mass (91 kDa) and sugar content (33.8%)** of the rec-IPU differed from those of native IPU (69-71 kDa and 12.4-15.3%). Aoki et al. 7) reported that native IPU from A. niger and rec-IPU from A. oryzae have similar molecular mass after deglycosylation, and suggested that native IPU and rec-IPU have different carbohydrate contents. Tago et al. 8) and Okada et al. 9) reported that Arthrobacter globiformis T6 produced extracellular isopullulanase activity, but nobody researched carbohydrate contents and functions of isopullulanase except our colleagues.
The structure and function of a glycoprotein may be characterized by not only its amino acid sequence, but also the arrangement of its sugar chains.10) Aoki et al. digested carbohydrate chains of native IPU from A. niger and rec-IPU in A. oryzae with peptide-N-glycosidase F (PNGase F) to obtain deglycosylated IPUs which had, however, no enzyme activity. 7, 11) The aim of this work is to release the carbohy- Oligosaccharide chains of rec-IPU and estimation of glycosylation sites.
Rec-IPU was incubated with three kinds of POD-lectins (POD-ConA, -WGA and -RCA) as described in MATERIALS AND METHODS, and the results were compared with three standard glycoproteins (TAA, OVA, and transferrin) ( Fig. 2 and Table 2 ). ConA reacted with IPU and all three standards. But after the treatment of the glycoproteins with Endo H, transferrin alone reacted with POD-ConA to stain with 4-chloro-l-naphtol. WGA reacted with IPU, OVA and transferrin, but not with TAA. Moreover RCA tests were done with IPU and the three standard glycoproteins after removal of sialic acid at the non-reducing end of the sugar chains. Only transferrin was positive. The results showed that rec-IPU is a glycoprotein of high mannose-type and/or hybrid-type, but not complex-type. At which of the 15 N-X-S/T sequons do the 6 to 10 G1cNAc residues anchor on 13 deg-IPU? IPU has 8 N-X-S sequons and 7 N-X-T sequons.7) From comparisons of hydrophobicity, hydrophilicity, and positive or negative charge of amino acids at the second and third positions of consensus se- 21- 
